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Wkh Kdplowrqldq lv jlyhq e| htxdwlrq +43, deryh1 Xvlqj Srqwu|djlq*v pd{lpxp sulqflsoh/
wkh rswlpdo sdwkv ri wkh yduldeohv L +w,/ F +w,/ ￿￿+w,/ ￿2 +w,/ K +w,d q gD+w, dv zhoo dv W duh
ghwhuplqhg e| htxdwlrqv +4, dqg +:, dqg wkh iroorzlqj v|vwhp ri htxdwlrqv=
gN
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￿2+W,+K +W, ￿KS,@3 = +65,





K +W,@3 = +66,
Iru vx￿flhqf|/ zh qhhg wkdw ￿￿+w, ￿ 3 ;w1 Hkuolfk dqg Fkxpd +4<<3, vkrz wkdw wkh
ohqjwk ri olih lv ￿qlwh li wkuhh frqglwlrqv duh ixo￿oohg= khdowk ghsuhfldwlrq lqfuhdvhv zlwk djh/
wkh fulwlfdo plqlpxp khdowk ohyho lv srvlwlyh/ dqg wkh pd{lpxp ghew lv olplwhg wr wkh ￿qlwh
pdjqlwxgh ri kxpdq zhdowk1 Zh dvvxph wkdw wkhvh frqglwlrqv duh ixo￿oohg1
Gh￿qh wkh vkdgrz sulfh ri khdowk fdslwdo dv ￿+w,@
b2E|￿













zkhuh k￿ ghqrwhv wkh ghulydwlyh ri k zlwk uhvshfw wr K +w,1 Htxdwlrq +67, lv wkh htxloleulxp
frqglwlrq iru lqyhvwphqw lq khdowk fdslwdo1 Wkh ohiw kdqg vlgh fruuhvsrqgv wr wkh pdujlqdo
effrvw ri fkdqjlqj wkh vwrfn ri khdowk fdslwdo/ zkloh wkh uljkw kdqg vlgh lv wkh lqvwdqwdqhrxv
pdujlqdo ehqh￿w1
Vroylqj htxdwlrq +67, uhvxowv lq htxdwlrq +46, deryh1 Wkh sdudphwhu ￿+3, lv wkh vkdgrz
ydoxh ri khdowk dw wlph 31 Lw lv d ixqfwlrq ri wkh olihwlph sur￿oh ri hduqlqjv/ sulfhv/ wdvwhv/
dqg wkh udwhv ri lqwhuhvw/ lpsdwlhqfh/ dqg ghsuhfldwlrq1 Lw lv ghwhuplqhg vlpxowdqhrxvo| zlwk




























.^uD+W, ￿ ￿L +W, ￿sSf+W,.z+W,k+W,‘
. ￿+W,^ L +W, ￿ ￿+W,K +W,‘ @ 3=








Htxdwlrq +6;, iroorzv gluhfwo| iurp wkh ghulydwlyh ri wkh Kdplowrq ixqfwlrq zlwk uhvshfw wr
lqyhvwphqw1 Lqyhvwphqw L+w, lqfuhdvhv lq ￿+w,/ dqg ghfuhdvhv lq ￿ +w,1











e￿Dsshqgl{ E= Wkh Txhvwlrqqdluh
Wkh txhvwlrq rq frqwhqwphqw zlwk khdowk lv vwdwhg dv
Krz frqwhqw duh |rx zlwk |rxu khdwk vwdwxvB Dqvzhuv duh srvvleoh rq dq 44 srlqw vfdoh/
udqjlqj iurp hqwluho| xqfrqwhqw wr hqwluho| frqwhqw1
Wkh txhvwlrq rq vsruw dfwlylwlhv lv dydlodeoh iru wkh |hduv ;8/ ;9/ ;;/ <5/ dqg <71 Wkhuh
zhuh dovr uhvshfwlyh txhvwlrqv lq ;7 dqg <8/ exw wkh frglqj zdv gl￿huhqw/ dqg qrw frpsdwleoh
zlwk wkh txhvwlrqv lq wkh uhpdlqlqj |hduv1 Zh wkhuhiruh h{foxgh wkhvh |hduv1
Wkh zruglqj ri wkh txhvwlrqv lv
Zklfk ri wkh iroorzlqj dfwlylwlhv gr |rx sxuvxh lq |rxu ohlvxuh wlphB Sohdvh vwdwh krz riwhq
|rx hqjdjh lq wklv dfwlylw|1
Srvvleoh dqvzhuv iru wkh fdwhjru| Dfwlyh Vsruw duh= hdfk zhhn/ hdfk prqwk/ uduho| hyhu/ qhyhu1
Wkh yduldeoh zh frqvwuxfwhg iurp wklv lqirupdwlrq dvvxphv wkh ydoxh 4 li wkh lqglylgxdo
fodvvl￿hv lqwr wkh fdwhjru| hdfk zhhn1
e2